The application of europium chelates as delayed fluorescent labels in FISH and immunocytochemistry is hampered by their relatively low quantum yield. To inaease the intensity of the delayed fluorescence, we have used a recently introduced peroxidase-mediated amplification system. This system results in a large accumulation of biotin-tycamide, which is detected Using sueptavidin-europium chelate as label. Optimal staining conditions were evaluated for the immunoqtochemical detection of vimentin in ayosections of rat liver, for DNA in situ hybridization (alphoid type probes and 40-KB cosmid probes), and for RNA in situ hybridization (detection of 28.5 ribosomal RNA, human elongation factor
Introduction
Fluorescence microscopy is a widely applied technique in biomedical research and clinical diagnosis, primarily because of its high sensitivity. In the past decade this sensitivity has been considerably improved, not only by optimization of optical filters and lenses but also by the introduction of highly sensitive detection devices such as cameras equipped with image intensifiers (SIT) or with slow scan cooled charge-coupled device cameras (CCD) Jovin et al., 1989; Hiraoka et al., 1987) .
Whether or not the theoretical sensitivity is achieved in practice strongly depends on the application itself. For example, detection of low-abundance macromolecules in strongly autofluorescent material can be disappointing because the specific signal-to-noise ratio in this case is low. Autofluorescence can be overcome by methods based on chemiluminescence or bioluminescence. Thus Supported by Technology Foundation Grant E N 22.2734. far, these fields have not been extensively explored with respect to immunocytochemistry. Autofluorescence can also be suppressed by applying time-resolved fluorescence microscopy, provided that specific and nonspecific fluorescence differ in terms of decay time (Soini and Liivgren, 1987; Hemmila et al., 1982) . Because the autofluorescence of cells is mostly of the prompt type, 100-nsec decay time or less (Aubin, 1979) , luminescent dyes with decay times in the psec or msec domain are potentially suited for this purpose. Examples of such dyes include lanthanide chelates (Steemers et al., 1995; Mukkala et al., 1992 Mukkala et al., ,1993 Marriott et al., 1991 Marriott et al., ,1994 Diamandis et al., 1988) , cryptates (Alpha et al., 1990) , and porphyrins (Hennink et al., 1996; Savitski et al., 1989) . Application of these dyes as labels of antibodies or nucleic probes for immunocytochemical purposes is rare because of their relatively low quantum yield, their often poor photostability, or problems encountered in the synthesis of chemically stable conjugates. Nevertheless, their potential value has been clearly shown in cases in which some of these problems were overcome. Examples include the use of 0.1-0.3-pm phosphor particles activated with europium or terbium atoms (Beverloo et al., 1990 (Beverloo et al., ,1992 (Beverloo et al., ,1993 . Owing to their relatively large size, such particles are less useful for the visualization of intracellular targets (Beverloo et al., 1992) .
With respect to soluble fluorescent Eu-chelates directly conjugated to immunoreagents, applications in immunohistochemistry as well as in fluorescence in situ hybridization (FISH) using conventional microscopy or time-resolved microscopy have been reported (Marriott et al., 1994; Seveus et al., 1992 Seveus et al., ,1994 Soini and Liivgren, 1987) . In many of these applications the fluorescence intensity achieved was not high enough for a wider use in research or clinical laboratories.
To cope with the problem of the relatively low quantum yield, Marriot et al. (1994) have recently used a streptavidin-based macromolecular complex (SBMC), with a molecular weight of 660 KD, consisting of streptavidin molecules crosslinked to thyroglobulin with multiple europium chelate (Eu-BCPDA) labels attached to it. The quantum yield of this complex was higher than that of eosin, a commonly used delayed luminescent probe. Using this label and a phase modulation-based detection system, these authors have demonstrated biotinylated concanavalin A at the cell surface.
In the present study we have combined a new peroxidasemediated amplification reaction that provides improved detection sensitivity (Kerstens et al., 1995; Berghorn et al., 1994) with a streptavidin-europium chelate for immunocytochemical applications. The peroxidase-driven tyramide amplification system utilizes a peroxidase-conjugated anti-hapten immunoglobulin [or (strept)avidin] as a first step. Biotin-tyramide or fluorescent-labeled tyramide is then used as substrate for peroxidase. The enzyme generates and deposits many fluorochrome or biotin molecules close to the in situ bound antibody-peroxidase conjugate. Fluorochrome-labeled deposits can be visualized directly by fluorescence microscopy or after detection of the deposited biotin molecules with the streptavidin-europium chelate as a second layer. The peroxidase-mediated amplification was used in combination with streptavidin-europium chelate for the immunohistochemical detection of vimentin in cryosections of rat liver. The same label was also applied for detection of specific DNA and RNA sequences by FISH. A recently described time-resolved fluorescence microscope equipped with a CCD camera was used for visualization and quantitative evaluation of the delayed fluorescent Euchelate (Verwoerd et al., ,1994 . This new method provides significantly better detection sensitivity, which makes it potentially useful for routine (clinical) applications.
Materials and Methods
Physicochemical Properties ofthe Streptavidin-Eu-chelate. The streptavidin-Eu-chelate used in this study was obtained from Wallac Oy (Turku, Finland). The excitation and emission spectra of the sueptavidin-Eu-chelate (25 pglml in PBS, pH 7.4) were recorded on a Perkin-Elmer IS-SOB fluorescence spectrophotometer.
The bleaching characteristics of the Eu-chelate label were investigated on slides stained for vimentin (see below). To avoid bleaching of the Euchelate before measurements were made, images were first focused onto the CCD camera on the basis of their autofluorescence on excitation with blue light. The microscope was then set for time-resolved recording and the specimen was excited with w light. The red fluorescence (LP 610-nm filter) was recorded using a delay time of 30 psec. The excitation time of the specimen was varied from 0 to 18,000 sec. Images were recorded (integration time up to 200 sec) and stored on a hard disk for further analysis.
Synthesis of Biotin-LC-Tyramide. To a solution (50 pl) oftyramine (Aldrich; Bornem, Belgium) in DMSO (20 mglml, 150 mM), 100 pl of a 75-mM biotin-LC-sulfo-N-hydroxysuccinimide (Pierce; Rockford. 1L) solution in DMSO was added. This solution was mixed well and incubated for 4 hr at 42°C in a water bath. After incubation, 850 pl DMSO was added to the solution. This stock solution (tyramine concentration 1 mglml) was divided into small aliquots, stored at -2O' C, and used without further purification.
Immunocytochemical Staining of Vimentin in Cqosections of Rat Liver. Rat liver cryosections (5 pm) were prepared and preincubated with a solution of 0.5% BMP-TBS for 30 min at 37'C in a moist chamber. They were incubated with a mouse monoclonal anti-vimentin antibody (Amersham; Poole, UK) in a moist chamber diluted 1:50 in 0.5% BMP-TBS for 1 hr at 37°C and subsequently washed with 0.05% Tween-2O-TBS, three times for 5 min. For conventional fluorexence microscopy they were incubated with a fluorescein-labeled goat anti-mouse conjugate (Dakopatts; Glostrup, Denmark) for 30 min at 37'C in a moist chamber. The slides were washed three times for 5 min in 0.05% Tween-ZO-TBS, then dehydrated through an ethanol series and embedded in Vectashield (Vector; Burlingame, CA).
For fluorescein-tyramide and biotin-tyramide detection, the slides were incubated with rabbit anti-mouse peroxidase conjugate (Dakopatts) as secondary antibody at a concentration of 13 pg/ml at 37°C in a moist chamber. The slides were washed three times for 5 min in 0.05% Tween-20-TBS and subsequently in Bidest for 3 min. Fluorescein-tyramide was applied at a concentration of 2 pglml for 30 min at room temperature (RT) in a moist chamber. For the use of biotin-tyramide, the Hz02 and biotin-tyramide concentration and the pH were varied. After the tyramide amplification the slides were washed three times for 10 min at RT and dehydrated in an ethanol series. The slides stained with fluorescein-tyramide were embedded in Vectashield (Vector). Slides stained with streptavidin-Eu-chelate were embedded in Merkoglass (Merck; Amsterdam, The Netherlands).
DNA In situ Hybridization. Metaphase chromosome preparations from primary peripheral blood lymphocytes of a healthy male donor were prepared (Wiegant et al., 1991) . The metaphase spreads were incubated with a 100-NI solution of RNAse A (100 pg/ml), 2 x SCC for 1 hr at 37'C under a 25 x 50 mm2 coverslip. The slides were then rinsed three times for 5 min each with 2 x SSC and further incubated with pepsin (50 pg/ml, 10 mM HCI) for 10 min at 37'C. After rinsing in PBS, postfixation was performed with formaldehyde 1% (v/v) in PBS containing 50 mM MgC12. This step was followed by a PBS rinse and gradual dehydration of the slides in ethanol.
In situ hybridization was performed with an alpha-satellite probe pUC 1.77 (Cooke and Hindley. 1979 ) specific for chromosome 1 and a 4 0 -K B cosmid probe for chromosome X. The centromeric and cosmid probes were labeled with digoxigenin-11-dUTP (Boehringer; Mannheim, Germany) or biotin-16-dUTP (Boehrkger) by nick-wanslation according to standard procedures (Wiegant et al., 1991 (Wiegant et al., ,1993 . The degree of incorporation of digoxigenin or biotin by the DNA-polymerase (Promega; Leiden, The Netherlands) was performed as described previously (Wiegant et al., 1991) .
After nick-translation the alpha satellite probe was supplemented with 50 pg herring sperm DNA and 50 pg yeast RNA, precipitated, and washed with ethanol according to standard procedures (Wiegant et al., 1991) . The dried DNA pellet was dissolved in hybridization mix (60% formamide. 2 x SSC, 50 mM sodium phosphate, pH 7.4) to a final concentration of 10 ng/pI. To the slides, 6 pl of probe was added at a concentration of 2 nglpl after which the probe and target DNA were denatured for 2.5 min at 80°C in an incubator. The hybridization reaction was performed overnight (18 hr) in a moist chamber. Posthybridization washings were done in 60% formamide, 2 x SSC, pH 7.4, three times for 5 min at RT. The slides were rinsed twice for 5 min in TBS and blocking was performed in 0.5% BMP-TBS for 30 min at 37°C in a moist chamber. After blocking, the first antibody layer was applied to the slides. The anti-digoxigenin-peroxidase conjugate (Boehringer) was used at a concentration of 5 pg/ml for 30 min at 37'C in a moist chamber. The slides were washed three times in 0.05% Tween-20-TBS. after which the slides were washed in PBS for 10 min. The biotin-tyramide amplification was carried out in 0.001% H202. three times for 10 min in 0.2% Twr-2O-TBS and 5 min in TBS. The streptavidin-Eu-chelate was applied at a concentration of 50 pglml for 2 hr at 37°C. The slides were washed three times for 5 min in TBS. For conventional detection, biotinylated m o w anti-digoxigenin ( 5 pg/ml) was used, followed by incubation with streptavidin-Eu-chelate as second layer at a concentration of 50 p g / d in a moist chamber at 37°C. After the final TBS wash the slides were counterstained with a DAPI solution (5 ng/ml in TBS) for 15 min at RT. The slides were then washed twice with TBS, dehydrated in ethanol, and air-dried. Merkoglas was diluted 1:1 with xylene (analytical grade) and about 40 pl was applied to each slide for embedding and coverslipping. The slides were dried owmight for microscopic evaluation.
The cosmid probe was purified and hybridized as described previously (Wiegant et al., 1993) . After hybridization theslideswerewashed with 50% formamide, 2 x SSC, pH 7.0, at 45'C three times for 5 min. The slides were additionally washed with 0.1 x SSC at 60'C three times for I min and subsequently with TBS. The slides stained with cosmid probes were further handled as described for the detection of the centromeric probe. Biotin-tynmide was used at a tyramide concentration of 5 pg/ml. RNA In Situ Hybridization. HeLa cells were grown on uncoated microscope object slides for 2 days in Petri dishes containing Dulbecco's minimal essential medium supplemented with 10% fetal calf serum (without phenol red) at 37'C in a 5 % CO2 atmosphere. After culturing, the cells were briefly rinsed in PBS and fmed for 10 min in 5 % formaldehyde with 4% acetic acid in PBS. The microscope slides were then washed with PBS (twice for 5 min) and then three times with 70% ethanol. They were stored in 70% ethanol at 4% until further use. The cells were rinsed twice with PBS and treated with 0.1% pepsin in 0.01 M HCI for 15 min at 37'C. To preserve morphology, cells were rinsed in PBS and postfixed in 1% formaldehyde in PBS for 5 min. rinsed in PBS. and dehydrated in ethanol. The following probes were used for the RNA in situ hybridization: 28s rRNA was detected with a plasmid probe containing a 2.1-KB insert complementary to the 3' end of human 28s rRNA (Erickson et al., 1981) ; HEF mRNA was detected using a plasmid containing HEM cDNA (Brands et al., 1986) ; Luc mRNA was detected using the pGem luciferase probe that was purchased from Promega. The CDCH (caudodonal cell hormone) probe was used as a negative control (a probe that hybridizes only with the mRNA of CDCH in the caudodonal cells of the pond snail Lymma stugndis). I , . The probes were labeled with digoxigenin-11-dUTF' or biotin-16-dUTF' by nick-translation as described previously (Dirks et al., 1993; Wiegant et al., 1991) . Hybridization ofthe labeled probes was performed ovemight at 37°C in 60% deionized formamide and 10% dextran sulfate in 2 x SSC with a typical probe concentration of 5 nglpl. The target RNA and probe were denatured simultaneously for 2.5 min at 80'C under a coverslip. After overnight hybridization (18 hr), the slides were rinsed with 2 x SSC to remove the coverslip. Posthybridization washes were performed with 1.5 M urea in 0.1 x SSC at 55'C twice for 10 min. The slides were then rinsed three times for 5 min in 0.05% Tween-20 in TBS. The immunocytochemical detection was carried out as follows. The cells were blocked with 0.5% BMP-TBS for 30 min in a moist chamber at 37°C. The cells were then incubated with sheep anti-digoxigenin conjugated with peroxidase (Boehringer) 1:500 in TNB at 37°C in a moist chamber and rinsed afterwards with 0.05 % Tween-20-TBS. three times for 5 min. The biotin-tyramide-peroxidase-mediated reaction was performed as follows. The biotin-tyramide (1 m g / d tyramine) was diluted k200 in 200 mM Tris-HC1, pH 7.4, 10 mM imidazole, and 0.001% H202 (this solution was prepared fresh each time and used within 1 hr after preparation). About 300 pl was applied to a slide that was placed in a Petri dish (to prevent evaporation) and incubated for 30 min at RT.
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After this incubation step the slides were washed with 0.05% Tween-20-TBS, three times for 5 min. The final immunocytochemical detection step was performed with streptavidin-Eu-chelate with a final concentration of 50 pg/ pl or with streptavidin-FITC (Vector) at a concentration of 5 pgl p1 in a moist chamber at 37'C for 30 min. The slides were washed with 0.05% Tween-20-TBS. Those slides that were incubated with nreptavidin-Eu-chelate were counterstained with DAPI in PBS at a f d concentration of 5 n g / d for 10 min at RT. The cells were dehydrated in ethanol and embedded as described under DNA hybridization. Slides incubated with strepatavidin-FITC were dehydrated and counterstained with DABCO-DAPI.
Conventional Microscopy. Photomicrographs were taken with a Leica DM epifluorescence microscope equipped with a 100-W mercury arc lamp and appropriate filter sets for visualization of DAPI, fluorescein, and Euchelate fluorescence. A x 40 NA 1.30 and a x 100 NA 1.25 Neofluar objective were used for photography using 640 ASA 3M color slide films. The exposure time ranged from 2 to 5 sec (DAPI counterstain) to 20-40 seconds (Eu-chelate and fluorescein).
Time-resolved Microscopy. A home-built tie-resolved microscope was used (Verwoerd et al., 1994) . Briefly, it consist of an Aristoplan microscope (Leica; Wetzlar Germany) equipped for fluorescence microscopy with filter blocks A,G,I2 and N1.2 for W , violet, blue, and green excitation. respectively, modified for time-resolved microscopy using two different shutters: a rotating mechanical chopper for the excitation light in combination with optoelectronic shutters in the emission pathway. An HBO-100 mercury lamp was used as the excitation light source. Images were recorded with a cooled slow scan CCD camera (KAF1400 chip; Photometrics, Tucson, AZ) interfaced to a SUN workstation. Image analysis was performed using SCILimage.
Results

Physicochemical Properties of the Streptauidin-Eu-chelate
The excitation spectrum of the streptavidin-Eu-chelate showed maxima at 220 nm and 340 nm, with a clear tail towards the 400 nm region ( Figure 1A) . At 366 nm, a strong mercury emission line frequently used for uv excitation in fluorescence microscopy, the fluorescence was still 50% of its maximal d u e at 340 nm. The emission spectrum ( Figure 1B) revealed the various electron transitions from 5D0-7FN at 590 nm, 618 nm, 650 nm, and 690 nm. The fluorescence decay curves recorded for excitation with 220-nm and 360-nm light are shown in Figure 2A . Plotting the delay time against the log of the signal intensity resulted into two straight lines ( Figure 2B) 
Detection of Vimentin in Cryosections of Rat Liver
Checkboard experiments were performed to determine the optimal conditions of the biotin-tyramide amplification reaction. Staining at pH 7.4 with an H202 concentration of 0.001% resulted in 2 pglml) at pH 88 and 0.001% Hfi. (C) Using biotin-tyramide (5 pglml, pH 7.4,0.001% H a ) and streptavidin-Eu-chelate (50 pglml) using time-resolved det,ection. Integration time of the CCD camera was 20 sec. Bar = 10 pm. Figure 5. Detection of the centromeric repeat sequence of chromosome 1 with the streptavidin-Eu-chelate (25 pglml, pH 7.4,0.001% H&) . Combined digitized image of the delayed Euchelate luminescence (red; integration time of the CCD camera 15 sec) and the DAPI counterstaining (blue). Bar = 5 pm. Figure 6. Detection of a cosmid probe (40-KB DNA) sequence on chromosome X with the streptavidin-Euchelate (5 pglml biotin-tyramide, pH 7.4,O.OOIW Hfl2) . optimal staining of the tissue for a biotin-tyramide concentration of 5 pglml ( 3 0 min at RT). Increasing the H202 concentration resulted in reduction of the signal of the Eu-chelate. Furthermore, an increase of pH to 8.8 or a decrease to 6.5 also resulted in less signal. The optimal pH range was therefore 7.0-7.8. At optimal pH and H202 concentration, the biotin-tyramide concentration was varied. A concentration of 3.0 pglml biotin-tyramide appeared to be optimal (Figure 3) .
The negative control (no primary mouse anti-vimentin antibody) revealed no detectable signal for the conventional detection using fluorescein-tyramide or biotin-tyramidelstreptavidin-Eu-chelate for a biotin-tyramide concentration of 5 pglml or a fluorescein-tyramide concentration of 2 pglml. Even when the biotin-tyramide concentration was raised to 25 pglml, no aspecific staining was observed. Stained specimens were investigated with conventional as well as with time-resolved microscopy. For F I X staining, relatively weak signals were observed against a strong autofluorescent background ( Figure 4A ). For fluorescein-tyram'ide, the signal-to-noise ratio was considerably improved; however, the level of autofluorescence remained ( Figure 4B ).
With the use of the biotin-tyramide system in combination with streptavidin-Eu-chelate, relatively strong specific europium fluorescence was obtained with an improved contrast when the microscope was used ( Figure 4C) in the time-resolved mode. When the streptavidin-Eu-chelate was used for demonstration of biotinylated goat anti-mouse (without tyramide amplification), no europium fluorescence above the autofluorescence level could be observed by conventional microscopy. In the time-resolved mode, a weak specific staining of the tissue was detectable after prolonged integration ( 3 0 0 sec) with the CCD camera. Table 1 summarizes the results of the effect of the embedding media on the photostability and intensity of the fluorescence. Merkoglass gave the highest signal and least bleaching. For detection of the centromeric probe for chromosome 1, we initially used the same conditions that were found optimal for detection of vimentin. Although the results were good with respect to signal intensity, the localization was suboptimal. The biotin-tyramide concentration was therefore lowered to 1400 (2.5 pglml), which resulted in better localization and still high signal intensity for the Eu-chelate fluorescence (Figure 5) . The delayed signals were easily visible by the human eye. When the streptavidin-Eu-chelate was used in a conventional manner (biotinylated DNA probe), no signal could be observed. With the time-resolved microscope, two faint spots were visible after prolonged integration (200 sec).
DNA In Situ Hybridization
To demonstrate the sensitivity potential of the biotin-tyramide reaction in combination with the Eu-chelate, the target size was lowered from 3000 KB to a cosmid of 40 KB, using a biotin-tyramide concentration of 5 pglml to obtain the highest europium fluorescence. The obtained images show that the cosmid sequence is clearly detectable using the CCD camera ( Figure 6 ). The signals could been seen by the human eye with the TRF microscopy (continuous mode). When the streptavidin-Eu-chelate was used in a conventional manner (biotinylated DNA probe with no tyramide amplification), no signal could be observed even after prolonged integration time with the CCD camera.
RNA In Situ Hybridization
The detection of the 28s rRNA sequence in HeLa cells using biotin-tyramide and streptavidin-Eu-chelate is shown in Figure 7 . In varying the reaction conditions, we found that for RNA in situ hybridization a concentration of 3.3 pglml biotin-tyramide was optimal. At this concentration, strong and specific signals of nucleoli and cytoplasm were observed. The intensity was sufficient to allow observation through the eyepieces of the time-resolved microscope without use of the CCD camera. When conventional detection was performed using a 28s biotinylated DNA probe and the streptavidin-Eu-chelate as single detection layer, the integration time increased to 200 sec. However, it was not possible to see the signals by eye using the time-resolved microscope.
The detection of the HEF mRNA sequence in HeLa cells using biotin-tyramide and streptavidin-Eu-chelate is shown in Figure  8 . For detection of HEF mRNA, 3.3 pglml biotin-tyramide was found to be optimal. The cytoplasmic staining obtained was less compared to the 28s rRNA staining, since HEF mRNA is less abundant than 28s rRNA. (Note: Because of the image processing steps, Figures 7 and 8 cannot be compared with respect to signal intensity.) A strong nuclear signal can be observed at positions from which the (pre)mRNA radiates throughout the nucleus. When conventional detection was performed using a biotinylated HEF DNA probe, a nuclear signal was observed only after prolonged integration with the CCD camera: Specific HEF signals were not visible through the eyepieces of the time-resolved microscope. The detection of the Luc mRNA sequence in HeLa cells using biotin-tyramide and streptavidin-Eu-chelate is shown in Figure 9 . For detection of the luciferase gene mRNA (a gene of 1.6 KB), the nuclear signal consisted of a bright main fluorescent spot and many small fluorescent spots. The small spots clearly emanated from the main dot as the density decreased towards the nuclear periphery, especially in those cells with a regularly shaped nucleus (Dirks et al., 1995) . Conventional detection with a biotinylated probe and one layer of streptavidin-Eu-chelate did not reveal a specific signal.
In all control experiments, using the CDCH probe as negative control did not show RNA staining, nor did cells previously treated with RNAse. 
Discussion
The results presented here clearly show that the biotin-tyramide amplification system can be used in combination with delayed fluorescent labels such europium chelate. More important, the accumulation of delayed fluorescent endproduct is so abundant that the stained samples can be visualized by time-resolved microscopy either manually (using the eyepieces) or using an integrating CCD camera. It should be noted that in all previous studies a CCD camera was needed to visualize the time-resolved signal. The relatively low quantum yield of delayed fluorescent dyes and their significant fading hampered the wider application of delayed fluorescence detection in situations where it could be of significant importance, such as clinical pathology, forensic medicine, or botany, disciplines that often have to deal with test materials that show strong autofluorescence.
We have demonstrated that detection of cosmid size DNA targets and moderately abundantly expressed mRNA is feasible. However, the aim of this study was not to investigate the ultimate achievable sensitivity. At present, small cDNAs are hybridized on metaphase and interphase nuclei to determine the final detection sensitivity that can be reached even in material of high autofluorescence.
Embedding of the samples stained by Eu-chelate was found to be critical, especially with respect to bleaching. Up to now, Merkoglass was found to be the most suitable embedding medium, yielding the highest fluorescence signals and slowest fading rate. The determined fading decay time (126 min) indicates that the fading is slow compared to the integration times for the CCD that were used in this study (maximal 300 sec). Previous reports using Eu-chelates other than the one used here recognized bleaching as a considerable problem, although no quantitative data were given (seveus et al., 1992) .
Several other methods are reported to Overcome the autofluorescence of tissue (Fernandez et al., 1992; Folli et al., 1992 ). An example is the acquisition of "baseline autofluorescence images" before staining of tissue sections for correction purposes. For FISH, this approach may not be successful, because changes in molecular composition during denaturation and hybridization procedures may change the autofluorescence properties of the cell. Recently, a method has been proposed to make use of the fact that autofluorescence usually has broad excitation and emission spectra. By sequential recording of the different emission colors for different excitation wavelengths, this autofluorescence can be characterized and used for correction of the original image on a pixel-by-pixel basis. Cosmid size probes that were previously indistinguishable were demonstrated by this method (Szollosi et al., 1995) . However, the technique is influenced by chromatic errors in the illumination system. Moreover, it does not allow real-time visualization of the specific labeling by the naked eye.
A drawback of the biotin-tyramide amplification system is the reduced localization of the staining pattern compared with conventional detection systems, especially for DNA in situ hybridization ( h a p et al., 1995) . As shown in this study, sufficient localization is achievable by matching of the tyramide concentration and the incubation time. In addition, we have recently shown that the localization properties are significantly improved by adding polymers such as polyvinyl alcohol (PVA) and dextran sulfate to the tyramide incubation medium (van Gijlswijk et al., 1996) . Viscous solutions of PVA and dextrans are known for better localization of enzyme substrates,
The exact amplification factor of the tyramide system is difficult to quantify because it depends on factors such as the nature of the biological material, the quality and type of immunoreagents, and the environment of the gene target. On the basis of analysis of the digitized image, we anticipate that the amplification factor for biotin is presumably more than two orders of magnitude.
In conclusion, this study shows that the generally low quantum yield of delayed fluorescent compounds, such as the streptavidin-Eu-chelate used in this study, can be overcome by use of the biotin amplification system. The staining intensity and sensitivity obtained are such that time-resolved microscopy can successfully be used for applications in forensic medicine and botany, where the nature of the material or the presence of chlorophyll often hampers conventional fluorescence microscopy. In diagnostic pathology, where the study of organs such as liver, stomach, gut, or pancreas is often difficult, the use of time-resolved fluorescence microscopy is also foreseen.
